usually good indicator of the degree of disorder, e.g. degree of oxygen deficiency; the more oxygen deficiencies in nickelate systems, the higher room temperature resistivity and stronger carrier localization by disorder. The strong carrier localization in highly resistive films usually prevents the observation of metal-insulator transition. Unlike NNO/STO/PMN-PT, obviously, NNO/PMN-PT (NNO directly on PMN-PT) shows higher room temperature resistivity and no distinct metal-insulator transition, indicating high degree of disorder and strong carrier localization. Therefore, NNO grown on STO buffer show distinct metal-insulator transition, as well as lower room temperature resistivity, which indicates that carrier localization by defects is suppressed in NNO/STO/PMN-PT by using STO buffer layer. In order to align NdNiO 3 film peak, PMN-PT substrate peak was used as a reference.
All in-situ RSM measurements (0 kV/cm and + 10 kV/cm) were performed at room temperature (300 K) without changing the temperature. direction, which was estimated from the in-plane and out-of-plane lattice constant from XRD RSM data (Fig. 3) , and that of bulk NdNiO 3 . Compared to stoichiometric bulk NdNiO 3 , 2.9 % increase of unit-cell volume of our as-grown NdNiO 3 films is observed, which represents that our NdNiO 3 films still contains more defects, e.g. oxygen vacancies, than bulk NdNiO 3 , despite significant improvement of crystal quality by inserting SrTiO 3 buffer layer. However, it should be noticed that there is negligible change of unit-cell volume (0.0568 nm -3 to 0.0566 nm -3 ) of NdNiO 3 after the application of electric field. This provide direct evidence that fieldcontrolled piezoelectric strain does not influence the defect concentration and thus field-induced strain are able to modulate only band-width without changing the concentration of defects. 
